F. Méot, BNL, Sept. 2011

TRANSPORT OF 3Het IN BOOSTER AND AGS
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1 Layout RHIC at coll. rigidity, 833.9 T.m: s
proton : p=250 GeV/c, Gy=477.7 2
SHe2*t : p=500 GeV/c, G=-745 g
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2 Particle data

units proton 2H SHe? ™
(for comparison)

Mass

mass/amu

charge Q

number of nucleons, N

number of protons, Z

spin quantum number

magnetic moment,u
gyromagnetic ratio g = -t x 2725

anomalous mag. momenty = £2

Imp. resonance interval|mc*/G|

MeV/c* 938.272046  1875.6128 2808.39148
1072"kg 1.672621777 3.343583485.00641234
MeV/c*> 1.00727646 2.0135532123.0149322

le] +1 +1 +2
1 2 3
1 1 2

1/2 1 1/2

LN 2.7928474 0.85743823-2.1276253
fi/ 2 1.99900759 2.99315281

1.7928474  -0.1429872-4.18415382

MeV 523.3 13117 671.2

nuclear magneton unit, iy = <&

atomic mass unit, amu
elementary charge, e
speed of light in vac.

h

2mp

eVIT 3.152451% 1078

MeV/c? 931.494061
C 1.6021765650
m/s 2.9979245810°

J.s 1.05457172610
eVv.s 6.5821192810 16
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3 Dynamics parameters in Booster and AGS

: 3 2+ ; .
Proton, for comparison He“", possible data :
Comments Comments
BOOSTER INJECTION : BOOSTER INJECTION :
Bp (T.m) 21496 Bp (T.m) 0.3075 Note :Bp;,;spe2+ < Bpinjp
v 1.0022
y 1.2132
By 0.0656
By 0.6868
Gy 2.175 Gy -4.1932

BOOSTER EXTRACTION / AGS INJECTION :

BOOSTER EXTRACTION / AGS INJECTION : .
kinetic E (GeV) 2.2256 0.74186 GeV/N

kin-E (GeV) 1.4167

Bp(T.m)  7.2051 Max.Bpin Booster is 17 T.m 59 (T.m) 8.9078  Consistentw/ p Bpin;smwr- & Bpinsi
v 2.5100 w/ Qx/y=4.73/4.82 optics By 14876
By 2.3021 Gy -7.5 RequiresQ, < 4.5 so to escapd2 — @),
Gy 4.5 Other possibility -10.5? Interest: injection into AGS beyond O+.
Requires ), > 4.5 so to avoid6 + @),
AGS EXTRACTION : AGS EXTRACTION :
kin-E (GeV) 22.8738 kinetic E (GeV) 27.7311 9.24369 GeV/N
Bp (T.m) 79.3668 Bp (T.m) 50.7185 Bp.yspezt < Bpuirp, Whereas
Bp=19.36 — Gv=—T1,
this leaves room for extraction beyond 60-.
Y 25.3786 ~y 10.8743
By By 10.8282
Gvy 45.5  Half-int. for AtR match ; not Gy 455
more due to AtR matching limitations.
Other possbilties :
Bp54T.m -48.5 Better spin match to verticalr, in RHIC.
Bp55T.m -49.5  Note : plateau is further away from 36+
Bp —79T.m < —517?

S TTOZ "109S “ING D13 pue D|HY Ul £-8H pazlie|od 104 a1 iuniioddO uo doysIopn

e Note : Transition ~ :
Booster: 4.8; AGS:8.4; RHIC: 23.6.



4  Booster S
A

4.1 Resonances in Booster, imperfectiorGy — n =0 3
@)

. : S

- Acceleration range, proton : G~ : 2.175 — 4.5 . 2 resonances, at:y = { 5)1 : harmﬂiggggctlon 9
) S

- Possible>He?" : Gy : —4.19 — —7.5: 3 resonances, at-Gvy =5, 6, 7 %
=}

F Imprand. ——— ' ' ' @h

> @)

B . L _ g, = 1457(57 X opotes (cos(Gyay) + i sin(Gya;)) (KL)iZeo %
— : E S
s 2
— N
| :

ot ; I 4 S 8 10 12 14 _16 I

| G gamma | a

L. ZgedBulfger Sy VS, | G gamma] S

o.8 ¢ . - h— Ry,

o.6 5 L

o. 4|C, p!ir O

o ol ' 3

- j 1 3He 3IHe _ r(\';

’ Z »—4 bo

- 1 2 a 6 8 10 12 14 is JZ

e Top : Strengths of imperfection resonances in Booster, thin-lens nuel. Qx / Qy =4.73 / 4.82. é:
Range shown covers up to max. boosteBp ~ 17 T.m. §
e Bottom : S, motion. Gy : 2.18 — 4.5 for proton, |G| : 4.19 — 7.5 for SHe?*" (7 < v, = 4.8). o

e Particle is ony., = 1 mm max. amplitude closed orbit with zero H and V invariants.
e Vertical lines show Gy ranges for p and for He?".



4.2 Resonances in Booster, intrinsiczy + ), —n =0

Ranges shown are :

- Proton : G~ :2.175 — 4.5 : no systematic (n=6<integer) resonance.
- He?", possible :Gvy : —4.193 — —7.5: 2 systematic resonances, &~ =0+ Q,, 12 — Q,.

BOOSTER, STRENGTHS, INTRINSIC RANDOM

J Sa11iunyoddo uo doysxiom

0.1 T T L E—— | E—— T T
= C L Intrinsic, rand. ——— i
- 0.01 —
< o 3
46)-. - -
= 0.001 [ -
~ C - 1+G .- on
2 0.0001 7 NE = ZWWEonles (cos(Gryay £ ;) +isin(Gya; £ 1)) (KL); Q@J
P le—05 ;— —;
qu) 1e—06— ] | ] 11l ] | L] | L] L] |“

2 4 ) S 10 12 14 16
| G gamma |

. 32°24Ry! FRoP Sy VsS. | & ganmsa|

o. 8 &9"‘ 124 S+ 13‘8—

O. 6 j i

o. af P “

o.2¢ { ] . .

o.0f ‘ | v = 16 here. (Actual : 24.3,a6 10, B4.91 T/s.)

S 2 =He 3 e k__—-%l

-.6 ¢ : ‘ z

_.8*F i ;

- 1. C F"__"_"* ! 1

2 4 (S 8 10 12 14 16

e Top : Strength (normalized) of intrinsic resonances in BoosterQy = 4.82.

Major lines are at Gy =0+ Q,, 12—, 6+, 18—.

e Bottom : S, mation for *He*" in |Gy| : 419 — 7.5. Particle on zero vertical orbit with €, ~

0.6 tmm.mrad invariant.

e Random resonances are excited (tunes preserved) withi' = +1% defect in QV[D1]/QV[E1].

e Vertical lines show Gy ranges for p and for >He?".
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4.3 Comments (1/3)

e ¢/, Could push 12-Qy beyond extractionGy :
For downstream polarization >99% upstream one :|Gy+Q,—12| > 7TN,, — @Q, S4.5—Tx N, = 4.45
at extraction.

If on the other hand @, > |G7|injection = 4.19 then only 0+Qy to be crossed.

BOOSTER, STRENGTHS, INTRINSIC RANDOM

o 0.1 T T p— T T
= oo Intrinsic, rand. ————
~ 0.0l - —
<
46)_‘ L -
o 0.001 F =
10)
et i i
D 0.0001 F .
h i ]
(/; le—05 a 3
0]
~ 1e-06 [ 1 | 1 1 || L1l 1 || || ]
4 6 8 10 12 14 16
| G gamma |
1. %gj?xagl_%gop Sy vsS. | G ganmnma|
0. 8 ‘ S+ 1.8+
°.6 | ;
0. 4a ‘ ?ﬁ ﬁ
O. 2 Fox 1 = ’ 7 ]
- & 1: ]
O. O | ] . .
- i ; T
IR § ‘ i E|
-.6 - f' ]
I o- 3+ :
-1 6 8 10 12 14 16

e Top : *He*", strengths IV, of intrinsic resonances|Qy=4.43, ¢, = 2.57mm.mrad, norm.
e Bottom : .S, motion. Particle is on zero vertical orbit.
e \ertical lines show G~ range for 3He?".
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Comments (2/3)
e ¢/, Could push both{

+
12 — Qy
e Strength of 0" for ¢, = 2.57mm.mrad, norm., is N,, ~ 0.012.
Take distance to the resonancé\ = |Gy + @, —n| > 7 x N,, then
givenn = 0 here tune at injection should satisfyQ), < —G~|in; — 7 x N,, = 4.11.

- ?89%\851% op Sy VS . | G garrrra|
o. sk i LS+ 19}—
o. 6 : :-{
o. a ‘f
o. =2 == ] ‘
oO. O ]
- . 2 {
3 .
_ . a ;L ¥ :
- . 6 ; T i
i i o
- 8 !’
10 1= 14 16
AV ] G ganmal
S+ is8

0
o
R
0
R
N
R
N
R
0

e Top : S, motion. Particle is on zero vertical orbit with non-zero vertical invariant.

e Bottom : Zoom on random intrinsic resonances in acceleration rage.
e Vertical lines show Gy range for He?".

beyond [4.19,7.5] range=- no systematic resonance to be crossed.
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Comments (3/3)

e Extract even further, in Gy = —10.5 region or beyond
- below 6+ (needg)y > 4.5) if -10.5 (Bp = 10.8 T.m).

If Bp — 15 T.m (G~ — —14) then get closer to asymptotic, better behaved region in snake opsc

- Note : still below transition v (|G'y|,, > 16), and below max. Bp = 17 T.m.

. Egeubyl Fpop Sy vVs. | G ganma|
o.8f L6+ 18-
O.6 ¢ i‘ | .
g % | BETTER]
o.4af 1 TTREGTONY
O. 2 g 2= § ' PO
o of { j : AGS |
-0 ¢ o : W SNAKES
.2 ! { ] .
el | f :
_ F v
. 8 g ‘1 ]
-1. 6 =) 10 1z 14a i6
e nterest :

Strengths (Qx/Qy=4.73/4.82) :

O+

12-

6+

18-
N, at2.5r 0.011 0.0006 0.010 0.012

-Gy = —-7.5is Bp = 6.97 T.m, even lower than protonG~ = 4.5, Bp = 7.21 ;
- this low-rigidity region is less favorable as to snake optics : pdurbed ring focusing, coupling.

(R21)

x-focusing

AGS WARM SNAKE,

OPTICS

—~

|
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Rigidity
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(R43)
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0.02
0.018
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0.008
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AGS WARM SNAKE,
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. y-coupl i
nylwplwmij”
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5 AGS
5.1 Resonances in AGS, imperfectioni;y —n =0 (Qx/ Qy =8.71/8.77 optics) :

Proton rigidity (T. m)
20 40 60 80
100 —re ! I
,,,,,,,,,,,,,,,,,,, Imperfectlonrand—
. é 10
- PI’O'[OI’], acceleration range . -
Gy 4.5 — 45.5, S H‘
41 integer resonances crossed
G gamma
1 Zgoubi | Zpop Sy AV = | G ganmmma]
o - s b : H - b ‘
o: ) % SR 3 : R
3 2+ i . o.a P i SR S ,_4p T
- °He”", possible range : o = || e TP R AT
Gy : —7.5 = —49.5, 2 = N5 Spm.
T B HG HN R
42 resonances crossed -2 latie
100 T Zgoubl 10
Strengths extracted using Froissart-Stora : . Y e Ther- o
_ —2a 1+Py /P H Ng = m:.z' - ", ‘I'lj:‘::*_—u == b
= \/T " < > ) . . =l o e e

| G gamma |

e Top : Strengths of imperfection resonances in AGS, thin-lens modehormalized to .., .

e Middle : Proton, .S, motion, 7., ~ 1.53 mm closed orbit, zero H and V invariants.
Pf/Pi value is correlated to resonance strength by Froissart-Storaofrmula.
Red, blue lines show injection, extractionG~ values for p and >He?".

Difference (rel.)

e Bottom : Strengths from tracking & thin-lens, superposed, and (right axis) their relative difference.
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5.2 Snake strength

e A partial snake forces polarization to flip : at Xing of any integer resonance one gets

meal _
f)im'tml
as long as snake strengtlp /27 dominates over strength.J,, of major imperfection resonances :

| J| + 2V«

e Preserving polarisation up toGG 2 45 against imperfection resonances, snake strength requirement :

7

Qexp(—%

—+J,

LS

2

2
) — 1) — —1  atbetter than 10~°

Beyond
36+
Strong resonances(y 9 21 27 45 51 Comments
I/ Yeo 22 13 34 8.2 51
Jp, assumingy,., = 4mm | 0.009 0.005 0.0140.033| 0.20 Jn X Yeo
Min. snake strength% 0.045 0.21 % > ||+ 2y, a=4510""
“%% snake”, % 9 42 Xing Gy = 51 requires 42% snake,
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5.3 AGS snakes

Warm snake Cold snake Comments
B max (T) 3
B nominal (T) 1.5 2.1 Case of tracking below
proton ~ 11 ~ 21
snake angle (deg.){ SHe?t { 26 { 44 Discussed further on
’ . | proton : 6 12
% snake { 3He2" : { 15 { 25

e Example :

Flipping across imperfection resonances;;y

- Single particle on vertical orbit : {

43.5 — 60, rigidities : {

A

proton : ¢., ~ 8 mm

SHe?" @ 4., ~ 5 mm

proton: 75.9 — 104.7 T.m
SHe?" : 48.47 — 67.0 T.m

- Horbit < 1 mm, H and V invariants ~zero, dp/p|sncn. < 1074

SHe?"|, tentative, snakes unchanged

Proton

15%+25%
. 19043yl fRoP Sz Vs. .
o sl - / ; [ [t L T9°4Bpl fRoP Sz vs
o8| rAN A Y A AR r
o F o eif Vol Nl I T A
o [ o afl b ] LA T
Sd B AN
I ! :: 0.0 | | 7 ! \ \ i, \
ok / | | e % T | i
y: / | 4 b i b | |
ol / e e b 1 T _— [ - -
A 3 A (A VA A O O b I W [V W A \/
1. =z a6 a8 50 52 54 56 58 60 : U o A\ U v U ~

EITTOZ '10bS “ING ‘D13 pue DHY Ul £-8H pazie|od 104 a1 iuniioddo uo doys o



5.4 Resonances in AGS, intrinsicGy+ Q, —n =0

Proton rigidity (T .m)

20 40 60 80 100 120
2. 1000 —— — S — T . .
~ 100 E S Intrinsic, rand.  ———— = E
§. 10 i— —E
5 E 3 - Proton, acceleration range :
+ - E =
o il < 3oom e
10 20 30 40 50 60 70
| G gamma |
.. BgcuaBLlFRer Sy VsS. :
o = : 361 <
o 4P| o, i la—
N B I - - 3He?*, possible range :
o lBne s6- Gy : —T7.5 — —49.5,
ol - : B ) 4 strong resonances crossed
10 20 30 élI-C;a - Up;(s:: V5_60 - ‘14C)
o:s 1 & % "' ]
0.4 j 7 ! i ’ 3 , Zg ]
e 1RYE &

e Top : Strengths of intrinsic resonances in AGS, thin-lens model.

e Middle : .S, motion, proton on OCO with Bve, ~ 27 mm.mrad.

Vertical lines show G~ ranges forp and 3He?".

e Bottom : @), = 8.97 is in forbidden @), band, hence avoiding intrinsic resonances.

e, ~ 15 tmm.mrad norm. (to excite Gy + Q, —n = 0), ¢, & 2rmm.mrad norm., dp/p = 1.510~* peak.

VITTOZ '106S “ING ‘D13 pue DIHY Ul £-8H pazie|od 104 Sa 1 iuniioddo uo doys o



55 3He?' resonance strengths

e All stronger for *He?* compared toprotons :
At given Gy and given optics, identicalnormalized vertical emittance, takingv/c = 1, then intrinsic
resonances are stronger in the ratio

N, G
Noameze| | Goper ] ~2331~ 1.5
[Nyl G,

e Strengths of strongest intrinsic resonances :

Beyond 36+
G~y 0+Q, 12+), 36- 36+ | 60- 48+
NZ/e,/m (Fig. ??) 127 39 321 193773379 34

proton :
Ny, at €y norm. = 2.5mmm.mrad | 0.008 0.003 0.007 0.0140.080 0.002 | N, < /€,
N, at €, norm. = 10mmm.mrad | 0.016 0.0058 0.015 0.0280.16 0.003

3I_]'e2+ :
N, at €, porm. = 2.5mmm.mrad | 0.013 0.005 0.011 0.0210.123 0.003
N, at €, porm. = 10mmm.mrad | 0.025 0.009 0.023 0.0420.25 0.006

Pf . 1 — 7T|Nn‘2/05

P = ixaNla

e All are harmful - N,, =~ 0.004 results in
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5.6 Discussion

e AR : Hypotheses in Ref. W.MacKay, CA/AP/296
(i) Hyp. #1 : Convenient spin match at injection into RHIC obtained a Gy = 48.5, 49.5 :

3He™ AGS to Blue matching

3He"™ AGSto Yelow matching

Spin Transfer Efficiency

e Can be improved ?

50

| A20:14 E20:

¢ N :
: A\
e\

| A20:14 E20: 0

14

o T A200E200

[ IR NG

| . [A20: 0E20:14

1 R P W= T T T T 1 PN Bt
AT A20:0E20:0 — 22N
R ot Y ] A20: 0 E20:14 o A4
0.8 fffii |\ A20:14E20:0 . S 0.8 Pl g |
L | AolAR014 & 'BEERERE
T £ Nl : B L Pl
04 i e e S 04 b
B e = - | ,
N I ] AL = N .
0.2 b R /= & g 02F
58

60 44 46 48

- check effect of varying warm-snake, on extraction plateau, usedsaa matching variable.

- Use AGS solenoid snake as matching variable ? [Ref. TUPLS126PAC2006].
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(i) Hyp. #2 : 51=60-Qy is strong, hence recommending extractingddow,

e To be investigated in case ofHe?" given that snakes are stronger

e Further : (i) cold snake now is 70%, can be pushed up, (ii) investigte whether warm snake can be
increased (from viewpoints of power supply, saturation, as wellaparticle and spin optics)

e Inserting a rotator in AtR, e.g.,

- Horizontal bump encompassing first vertical dipole (N. Tsoupa)
- Solenoid or helix

might allow thus mandatory substantial change in matching conditns.
(iif) Hyp. #3 : Low-rigidity injection in RHIC ( =50 T.m, compared to 797y =45.5 proton) doable.

RHIC ~;,. ~23.6,
- Versus proton~y = 25.378 at Gy = 45.5,
- whereas®He?™ v = 11.71 < v, at Gy = 49.

e Could be increased ifGy = 60 — @), can be Xed.
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5.7 Tentative tracking : Xing 60-Qy S
Q

: : : x

- Snakes have their nominal field, 2.1 Tand 1.5 T, %
- Optics : Qx/Qy 8.72/8.97. Orbits areH < 1 mm, V ~ 1 mm peak. Jump quads off, g
- For reference : zero emittances case is that shown on slide 13. e
| IS

1. Z8°¥SplEReR Sz - . 1. §%9ﬁé' '.’%90%9 §
SR iR IRAN =
by 3 0 0 I R i 3
o }‘1 ‘;5 f 'i J | : » | , ok 3
051 AN LA B V. BPdIN BN 3

- 1 Ezle\:“# a6 | 4: 5<‘u£m ﬂgﬁ 5@1‘%’ 5%’55‘ 5@%‘ 5@1!"”@ é,o - 1 ™ g
He?". ¢, ~ 0, ¢, ~ 1.25 imm.mrad norm., Proton, for comparison. e, ~ 157 norm., &
dp/p € [-107%,+1077]. €, ~ 27 norm., dp/p € [—107°,+107"]. =

. Y

1. FRoMERLIpR o= ~ vs. 5 T
VAR TTAR O
SO T T 2
o =F i i Q.
o.0F ; m
_.2 D

S T
A\ A =
‘He?". ¢, ~ 1.257, ¢, very small, é:

dp/p € [-107%,4+1071]. S

e Depolarization may result from betatron coupling [Ref.H.Huang & al, PAC97]. Need investigate &

with simulations including coupling correction.
e Worth exploring increased snake strength : cold snake is 70%, wan snake is 1.5 T with 2600 Amp

in 0.5 Tesla/lkAmp working region.



6 AGS shakes

e A symmetric sequence of 3 sections with 2 different pitches, at endsd in body

Cold snake Warm snake
mag. length (m) 2 2
pitches, (deg/m) 420 -208 - 420 | 400 -195 - 400
max field (T) 3 ?
operating field (T) 2.1 1.5
spin rotation (deg) 15-11 27 proton
% snake, proton ~ 6 ~ 15
coupling compensation solenoid none ~0.2 T, weak effect on spin
compensation quads |Al17,A19 +B1,B3 E17,E19 + F1,F3
operated since 2005 2004
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Snake properties (1/2), cold snake

e The optical axis of the snake helix coincides with the reference bit in the ring (“OCQO”).
e The beam horizontal orbit follows a bump with energy-dependentamplitude that centers the beam
helix on snake axis. Shift and kick at traversal are small.

Cold snake, proton

Jogilzer  z (m Y (m Bgowilzeor ¥ (M vs. X (m oz B, y, s (T) vs. X (m L Bpwiiner s X (m
0.02 S L - b : - T e
,,,,,,, 0. 006 2 - - . o8
0.015 ‘ \/
. 0. 00! 0.6
0. 01} / \ 1 0.4 s
0. 005 Ee 0. 002 / / / fffffff = 7
(e R S del LN e )
0.0 € 0.0 0 Lot I 0.0 =
[ N ' — / / ' ’
-. 005 \ . ook \ / / / -2 //
-0l ’ / / \ -1 / -4
.. 016 A ,‘ -0 x Bx K/Ey X/ -
.......
-.02 —— e - 00 s o 2 ~ 8
S80S0 0.0 0.0 0.0z 0.03 -1 5 0.0 0.5 1 -1 5 0.0 0.5 1. = -1 -5 0.0 0.5 1.

From left to right : Projection of proton motion on transverse plane (G~ = 4.5, 15, 40), and
(G~ = 15) on (x,8), (Y,s) planes ; field components along trajectory ; motion adpin components.

Cold snake,3He?"

G ) Y ooof R T M v x ikl B (m BT Y i
e e i B S T B 2. =g TN - . B T N
0. OB B 0-00 >< 15 / \/ A 3.: s e
0.01 S 0. 00g \ 1 / / \ / 0.4 . —
0. 005 (/ g 2 0. 00k 0.5 / ’/ / / \ 0.2 - e
0 Y \ ) 0.0 / / \ 0.0 J’; /—/—_—_/—— - “AV ‘/f\/:\ 0.0 et
-. 005 T ook e -5 ! -2
-. 01 \ B - 2 .007 / o1, \ \/ / / 4
- 015 : 00 \ 1 Vo Vo / -6
15 AN\ S B o Py v, :
ooz Tor 00T 000 0.02 0.03 T 5 0.0 0.5 1 -1 5 0.0 0.5 1 - 1 -5 0.0 0.5 1.

From left to right : Projection of 3He?" motion on transverse plane Gy = —7.5, —15, —40), and
(G~ = 40) on (x,8), (y,s) planes ; field components along trajectory ; motion apin components.
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Snake properties (2/2), warm snake

e Snakes’ axes are on OCO.
e The horizontal orbit is bumped so to center beam helix on snake as, shift and kick at traversal are
small.

Warm snake, proton
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From left to right : Projection of proton motion on transverse plane (G~ = 4.5, 15, 40), and
(G~ = 15) on (x,8), (y,s) planes ; field components along trajectory ; motion afpin components.

Warm snake, 3He?™"
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From left to right : Projection of 3He?* motion on transverse plane Gy = —7.5, —15, —40), and
(G~ = 40) on (x,8), (y,s) planes ; field components along trajectory ; motion adpin components.



e Optical properties

- Both snakes introduce focusing and coupling at low energy.
proton,

- 3He?" acceleration range covers less favorable region

WARM SNAKE

(R21)

x-focusing
|
(@]
=
[\

0.02
0.018
0.016
0.014
0.012

0.01
0.008
0.006
0.004
0.002

Dety—-1

AGS WARM SNAKE, OPTICS

—

(@}

10 20 30 40 50 60

Rigidity

70 80 90 100
(T.m)

AGS WARM SNAKE, COUPLING

-:\\4_1__-;. | .,

1

x-coupl —+—

(@}

Rigidity

. y-coupl i
l'”y”l' up B I e

10 20 30 40 50 60 70 80 90 100 110

(T.m)

0.005

-0.005
-0.01
-0.015
-0.02
-0.025
-0.03
-0.035

9e-05
8e-05
7e-05
6e-05
5e-05
4e-05
3e-05
2e-05
le-05
0

(R43)

y—focusing,

Det -1

:311k32%—,

COLD SNAKE

=
o~ -0.
Moo,
-0.
g—ﬁ.
5 -o.
g -0.
-0.
0
o —-0.
f -0.
x 0
1
1
1
—
|
>
i)
0]
A

o O O O

O N D O 0 N D O

AGS COLD SNAKE, OPTICS

Bp :7.2 > 79T.m (Gy =455
Bp :6.9—55T.m (Gv = 49.5)

_'/,,/—r——’ 0
B - -0
i ~ -0
L - -0
-4 I
: - -0
- Txfoc —— 1 7O
-4 y-foc 10
] ] ] ] ] ] —0
0 10 20 30 40 50 60 70 80 90 100 110
Rigidity (T.m)
AGS COLD SNAKE, COUPLING
0.000
B 0.000
L 8e—-05
- 6e-05
B | 4e-05
- x-coupl —+— 1 . ;5
] l\H\. | L, | : !"y?g(i)upl"l" I 0
0 10 20 30 40 50 60 70 80 90 100110

Rigidity

(T.m)

o
01
.02
03 5
.04 &
-
.05 un
.06 §
(@]
.07 9
.08 |
>
12
1
—
|>-|
)
()]
[m]

)

22ITOZ 1096S “ING ‘D13 pue DIHY Ul £-8H pazlie|od o) Sa i uniioddo uo doys o



e Orbit effects, spin rotation, versusG-

Proton
AGS COLD SNAKE, PROTON AGS WARM SNAKE, PROTON
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e Note : Warm snake is operated at~2600 Amp. [Ref.J.Takano,EPAC2004], a region of 0.5 Tesla/kA.

G.gamma

G.gamma

Increasing the angle— matter of (i) power supply, (ii) saturation effects.
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7 Possible plans

A non-exhaustive list...

e BOOSTER

() BD studies relating to avoiding 0+, 12-, with protons, e.g. run Bodsr with Q close to4+
(i) Higher Bp. in view of higher G~ extraction : investigate possibility of Bp — max.Bp
(ii) Investigate resonance Xing : slow acceleration through 0+Qy, 12-Qy

(iv) Investigate AC dipole

e AGS
() Investigate possibility/interest of ramping warm snake @-few kG) in 1.5 T region for AtR matching

(i) Investigate using warm snake at higher field

e BtA matching, AtR matching...
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